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Abstract 

Background: Dioscorea opposita Tliunb. (Huai Slian Yao, DOT), a common staple food in China, has been used for 
more than 2000 years in traditional Chinese medicine (TCM) to treat different systemic diseases including 
hypertension. The objective of this study was to investigate the possible antihypertensive effects of the aqueous 
extract of (DOT) in renovascular hypertensive rats as well as the mechanism in reducing blood pressure. 

Methods: The two-kidney one-clip (2K1C) Goldblatt model of renovascular hypertension was used in Wistar rats. 
Rats with captopril, low-dose DOT and high-dose DOT treated 2K1C groups for 6 weeks. The blood pressure, cardiac 
mass index (heart weight/body weight), plasma level of angiotensin-ll (Ang-ll), endothelin-1 (ET-1), superoxide 
dismutase (SOD) and malondialdehyde (MDA) were evaluated. 

Results: DOT significantly reduced mean systolic and diastolic blood pressure after treatment. DOT also significantly 
increased plasma SOD activity but decreased plasma MDA concentration. Renal function was improved with 
captopril and DOT. DOT reduced plasma Ang-ll activity and plasma ET concentration. They couldalso significantly 
reduce the left ventricular hypertrophy and cardiac mass index. 

Conclusions: Our results suggest that DOT may have an antihypertensive effect on hypertension by inhibit 
ET-converting enzyme and antioxidant activity, which warrant further exploration. 

Keywords: Antihypertensive, Dioscorea opposite Thunb, 2K1C experimental hypertension, Angiotensin-ll, 
Endothelin-1, Hypertrophy 



Background 

Hypertension is the most common risl< factor for myocar- 
dial infarction, stroke, heart failure, arterial fibrillation, 
aortic dissection and peripheral arterial diseases. It is 
among the most common chronic illnesses the world faces 
[1,2] and remains the leading cause of death worldwide 
and one of the world's greatest public health problems. Al- 
though many new antihypertensive drugs with improved 
efficacy have been introduced to the market, they still pos- 
sess serious side effects. On the one hand, nutrition and 
physical exercises are gaining more importance in the 
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treatment of hypertension. On the other hand, attention 
has recently been focused on herbal and mineral prepara- 
tions which are traditionally used as potential therapeutic 
agents in the prevention and management of cardiovascu- 
lar diseases [3-6]. 

Chinese yam or Shan yao comprises various species of 
the genus Diascorea, which are widely cultivated in 
China and their tubers are used as food as well as for 
medicinal purposes. Shan yao has been considered as an 
important invigorant in traditional Chinese medicine 
(TCM) for many years [7]. However, the most important 
variety is Dioscorea opposita Thunb. or Huai Shan Yao 
in Chinese, which is used in TCM as a tonic for more 
than 2000 years. It is generally believed that an intake of 
the Chinese yam may be beneficial to improve the func- 
tion of the spleen, stomach, kidney and lung. As a result. 
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it is used clinically for the treatment of poor appetite, 
chronic diarrhea, asthma, dry cough, frequent or un- 
controllable urination, diabetes and emotional instabil- 
ity [8,9]. (Chinese Pharmacopoeia, 2005 edition). The 
Chinese yam contains a variety of phytochemicals, in- 
cluding saponins, starch, mucopolysaccharides, protein, 
amino acids, mucilage, polyphenols etc. [10-13]. Modern 
research showed that yam extract has many physiological 
functions such as anti-diabetic, anti-hypercholesterolemia, 
anti-acetaminophen-induced hepatotoxicity and nephro- 
toxicity as well as antioxidant activity [12,14-17]. Interest- 
ingly, the water yam (Dioscorea alata L.), another species 
Shan yao has been shown to possess antihypertensive ac- 
tivity in hypertensive animal models [18], suggesting that 
consumption of fresh yam tubers has potential health ben- 
efits for human beings. Moreover, powdered and liquid 
yam products are nowadays extensively used in a variety 
of food products in China and countries in the Far East. 
Due to the increasing concern about the influence of foods 
on health condition, we have investigated the effect of the 
aqueous extract of untreated control group (DOT) on 
hypertension. 

Of the various experimental or genetic models of hyper- 
tension, the Goldblatt chronic two-kidney, one-clip 
hypertension (2K1C) is a classical model of renovascu- 
lar angiotensin-II-dependent hypertension. Experimen- 
tal model of renal (Goldblatt) hypertension is one of the 
widely used models for the study of pathophysiology of 
hypertension and antihypertensive drugs [19]. The fact 
that the renin-angiotensin system (RAS) contributes crit- 
ically to the pathophysiology of 2K1C Goldblatt hyperten- 
sion is well established [20]. The 2K1C model, which 
exhibits a transient increase in the activity of RAS and a 
sustained rise in blood pressure, has been described as 
very close to human mature hypertension [21,22]. Thus, 
hypertension in this model is primarily the result of an 
augmented total peripheral resistance and, in mild cases of 
renal artery stenosis, bilateral reduction in renal-clearance 
function [23]. These physiological abnormalities are prin- 
cipally the result of a considerable increase in tissue and 
circulating levels, and direct actions of Ang-II [24]. Evi- 
dence shows that as the condition advances, the role of 
Ang-II in maintaining hypertension subsides, and other 
mediators become more effective in determining the level 
of blood pressure [25,26] . Therefore drugs acting on RAS 
are major factors in the treatment of hypertension. The 
occurrence of hypertension is related to many factors. A 
large number of clinical studies and animal experiments 
showed that there is a close relationship between hyper- 
tension and free radicals. In recent years, high blood pres- 
sure and oxidative stress became a focus for researchers. 
Compelling data from molecular and cellular experiments, 
together with animal studies, implicate a role of oxidative 
stress in hypertension [27] and thus oxidative stress 



induced by reactive oxygen species (ROS) could be in- 
volved in the pathogenesis of hypertension. ROS can influ- 
ence vascular, renal, and cardiac function and structure by 
modulating cell growth, contraction/dOatation, and in- 
flammatory responses via redox-dependent signaling path- 
ways. Free radicals may participate in hypertension by 
damaging target organs through a variety of ways. Of the 
ROS and RNS families, superoxide anion (O2), hydrogen 
peroxide (H2O2) and NO are of major importance in the 
cardiovascular and renal systems [28,29]. The generation 
of ROS is a cascade of reactions initiated by the formation 
of superoxide, which is rapidly dismutated to H2O2, either 
spontaneously or catalyzed by the enzyme superoxide dis- 
mutase (SOD) [30]. Therefore, the protection of endothe- 
lial from free radical injury is very important in treating 
hypertension. 

So far, there is no report on the anti-hypertensive ef- 
fects of DOT and the information regarding to the 
mechanism of DOT against hypertension is very scarce. 
For these reasons, we describe, in the present paper, the 
anti-hypertensive effects of the aqueous extract of DOT, 
together with changes in biological parameters such as 
plasma Ang-II, ET-1, SOD activity and MDA level, fol- 
lowing the administration of DOT to the renal hyperten- 
sive rat model. 

Methods 

Material 

The aqueous extract of Dioscorea opposita Thunb. (DOT) 
was provided by the Salome Biotechnology Co. Ltd, 
Urumqi, Xinjiang, PR China. Yield for the extract is 50 g 
dry extract per kg of dried Dioscorea opposita tuber. Dried 
DOT was dissolved in 0.9% saline to obtain a primary so- 
lution of 0.2 g/ml. The primary solution was dOuted with 
0.9% saline to obtain the various treatment solutions and 
administered under the same volume by daily gavage. 
Captopril obtained from Captopril, Sino Shanghai Shi Bao 
Co. Ltd. 



Animals 

The animals used in the present study were adult male 
Sprague-Dawley rats (10-12 weeks old with body weight 
180-200 g), obtained from the animal house of the Animal 
Center of Xinjiang Medical University (Urumqi, Xinjiang, 
PR China). The animals were housed in colony cages, 
under standard laboratory conditions (12 h light, 12 h dark 
cycle), with free access to standard commercial diet and 
water. All experimental procedures used in the present 
study were approved by the Ethics Committee of the 
Xinjiang Medical University which has adopted the guide- 
lines established by the Xinjiang Uighur Autonomous 
Region on Animal Care and Experimentation. 



Amat et al. BMC Complementary and Alternative Medicine 2014, 14:36 
http://www.biomedcentral.eom/1 472-6882/1 4/36 



Page 3 of 10 



Induction of renovascular hypertension (two-kidney, 
one-clip model) 

The Goldblatt 2K1C model of hypertension was induced 
according to the procedure described by Umar et al. [31]. 
Briefly, the rats were anesthetized with sodium pentobar- 
bital (50 mg/kg, intraperitoneally). The left renal artery was 
exposed by retroperitoneal flank incision and dissected free 
of the renal vein and connective tissue. A silver clip with a 
lumen of 0.22 mm was placed around the artery for partial 
occlusion; in sham operations, the artery was not clipped. 
After 6 weeks the systolic blood pressure (SBP) was mea- 
sured using the tail-cuff method in conscious rats. Only 
hypertensive rats (SBP above 150 mm Hg) were used in the 
experiments. 

Animal treatment 

At 6 weeks after the surgery, when hypertension was 
established, the 2K1C rats were divided into five groups of 
10-12 rats: groups 1 - sham-operated control rats (served 
as negative control); groups 2 - an untreated model group; 
groups 3 - rats treated with captopril (30 mg/kg BW per 
day); groups 4 - rats treated with low-dose DOT (DOT-L, 
210 mg/kg BW per day); group 5- rats treated with high- 
dose DOT (DOT-H, 420 mg/kg BW per day), Rats were 
treated for 6 weeks with daily oral administration of the 
products or the same volume of vehicle (0.9% saline) 
(group 1 and group 2). Doses of DOT were chosen in ref- 
erence to doses commonly used in human and doses used 
in previous experiments. All rats were weighed and their 
blood pressure was measured once a week for 4 weeks 
(Table 1). 

Measurement of blood pressure 

Systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were measured by the tail-cuff method (BP-6 non- 
invasive Electro-Sphygmomanometer, Chengdu Taimeng 
Science and Technology, Chengdu, PR China) in awaken 
rats. Each value was the average of three consecutive read- 
ings. The arterial systolic and diastolic blood pressure was 
measured at the weekend and continuous measurement 



was carried out three times as the average blood pressure 
for weeks. Weight was measured once a week. 

Measurement of left ventricular hypertrophy and cardiac 
mass Index 

The heart and 3 cm of left ventricular hypertrophy were 
removed. The cardiac mass index was the ratio of the 
rat heart weight to the body weight. The left heart 
weight and left ventricular anterior wall thickness were 
also measured. 

Assessment of the renal function 

At the last week of the experiment, the animals were 
placed in individual metabolic cages and acclimatized for 
two consecutive days before a 24 h urine collection. Cre- 
atinine and urea were measured with a commercial 
enzyme-linked immunosorbent assay (WAK Chemie, 
Bad Soden, Germany) as described by the manufacturer. 

Determination of SOD activity and lipid peroxides 
level (MDA) 

Superoxide dismutase (SOD) activity and the malondialde- 
hyde (MDA) level were determined according to the in- 
structions on the kit (Jiancheng Institute of Biotechnology 
Nanjing, China). 



Determination of plasma anglotensln-ll and endothelln 
(ET-1 )concentratlon 

After the last measurement of blood pressure, the 2K1C 
rats were fasted for 12 h and anesthetized with sodium 
pentobarbital (30 mg/kg BW, intraperitoneally). Blood 
samples (8 ml) were taken from the abdominal aorta and 
handled as follows: 4 ml were collected on aprotinin 
(40 ml) and 10% EDTA disodium (30 ml), then centri- 
fuged at 4°C, at 3000 r.p.m. for 10 min and the plasma 
obtained was aliquoted and frozen for biochemical ana- 
lysis. Plasma Ang-II and endothelin (ET-1) concentrations 
were determined by using commercially available radio- 
immunoassay kit (Clinical Assay, Beijing, PR China). 



Table 1 Cardiovascular parameters in two-kidney, one-clip Goldblatt hypertensive rats after 6 weeks of daily oral 
treatment with captopril (30 mg/kg per day), low-dose DAL (210 mg/kg per day) (DAL-L) and high-dose DAL 
(420 mgkg/per day) (DAL-H), compared with untreated controls (model) and sham-operated rats (sham) 



Parameter 



Sham 



Model 



Captopril 



DAL-L 



DAL-H 



BW (g) 


572.21 


± 84.23 


586 ± 110.32 


456.21 ±44.46* 


546.21 ±74.12° 


552.43 ±47.87' 


HW (g) 


1.46H 


:0.17 


2.0 ± 0.27* 


1.50 ±0.1 7* 


1 47 ± 0.22' 


1.62 ±0.1 9**' 


LHW (mg) 


268.2 


±0.03 


396.2 ± 0.09* 


239.3 ± 0.02* * 


300.3 ± 0.04*,* 


3 10.6 ±0.03*'' 


HW/BW 


2.55 H 


:0.45 


3.56 ±0.72* 


3.05 ± 0.44* * 


2.9 ±055** 


241 ±0.38**' 


LVAWTh 


0.28 ± 


:0.03" 


042 ± 0.06* 


0.25 ±0.03* 


0.24 ± 0.04*,* 


0.23 ± 0.03* *' 



Abbreviations: BW body weight, HW heart weight, f-iW/BW heart weight to body weight ratio, LHW left heart weight, LVAWTh left ventricular anterior 

wall thickness. 

Values are mean ± s.e.m. 

*P < 0.05 vs. sham; *P < 0.05 vs. model; < 0.05 vs. captopril. 
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Statistical analysis 

The values are expressed as mean value ± standard devi- 
ation (SD). The data were evaluated by using the SPSS 
(version 12.0) and one-way ANOVA, followed by Bon- 
ferroni J-test. Statistical significance was considered 
when value of P < 0.05. 

Results 

DOT normalized the blood pressure of 2K1C 
hypertensive rats 

Untreated (model) renovascular hypertensive rats had 
markedly higher SEP and DBP than the sham-operated 
rats (Figure lA). This hypertension was stable over 
6 weeks of the experiment. In the captopril- and DOT- 
treated groups, the blood pressure, which was initially 
the same as that of the hypertensive controls, decreased 
progressively over the course of the 6 weeks treatment 
(P < 0.05) and there was no difference between the two 
DOT dose groups (DOT-L and DOT-H). Blood pressure 
was reduced by captopril to a same extent as DOT-L 
and DOT-H, although it was still significantly greater 
than in sham-operated rats. 

DOT significantly improved left ventricular hypertrophy 
and cardiac mass index in 2K1C hypertensive rats 

In the DOT and captopril-treated groups, heart weight, left 
heart weight, left ventricular anterior wall thickness, heart 
weight/body weight ratio were lower than those of the un- 
treated model group (p < 0.05). The values in the DOT 
groups (DOT-H and DOT-L) were not dose dependent. 
The heart weight to body weight ratio in the different dose 
group for DOT (DOT-H and DOT-L) was not different 
from that of the sham-operated rats (Figure IB). 

DOT improved renal dysfunction effect of 2K1C 
hypertensive rats 

The levels of blood urea nitrogen (BUN) and serum cre- 
atinine (Scr) were significant higher in the untreated model 
group than in the other group (P < 0.05). However, there 
was no difference between the captoprU-and DOT-treated 
groups. Both DOT-L and DOT-H were able to decrease 
the serum BUN and Scr levels (P < 0.05), respectively 
(Figure 2). 

DOT significantly regulated the antioxidant status of 
2K1C hypertensive rats 

The plasma SOD activity in the untreated control group 
was significantly lower than that in the sham-operated 
group. The SOD activity of the DOT and captopril- 
treated groups was significantly higher than that in the 
untreated control group (P < 0.05). The DOT and 
captopril-treated groups showed significantly lower 
MDA level (P < 0.05) than the untreated model group 
(Figure 3A,B). 



DOT inhibited serum Ang-ll and ACE activity of 2K1C 
hypertensive rats 

The changes in ET-1 and Ang-II in each group are 
shown in Figure 4. Both ET-1 and Ang-II were higher in 
the untreated control group than in the sham-operated 
group. Both ET-1 and Ang-II in DOT-H and DOT-L 
were lower than those in the untreated control group 
(P < 0.05) and even lower than those in the sham-operated 
group (Figure 4A,B). Ang-II level was higher in the un- 
treated control group than in sham-operated group, but 
returned to about the same level as in the sham-operated 
group after treatment with captopril and DOT-H. 

Discussion 

The 2K1C renovascular hypertension is a classic animal 
model of renin-dependent hypertension, which is consid- 
ered to be similar to human renal hypertension. The 
2K1C hypertension is an Ang-II dependent model of 
hypertension where increased plasma and intrarenal Ang- 
II concentrations [32,33], enhanced production and sys- 
temic delivery of Ang-II by the clipped kidney, form the 
basic endocrine disturbance [34] . The endothelin (ET) sys- 
tem and RAS are two of the most potent vasopressor 
mechanisms identified to date and in conditions where 
both systems are activated, their interrelationships have 
been proposed to contribute to the development of hyper- 
tension [35]. Previous reports showed that blood pressure 
regulation is dependent on the relationship between the 
ET system and RAS [36]. The active component of the 
RAS is Ang-II, which is a potent vasoconstrictor and the 
mechanism of RAS -induced hypertension has generally 
been attributed to the direct vasoconstrictor effects of 
Ang-II and the mineralocorticoid effects of aldosterone. 
Ang-II can also elevate blood pressure by augmenting nor- 
adrenaline release from sympathetic nerve endings in the 
vasculature [37] by increasing secretion of potent vasocon- 
strictor ET-1. Besides, Ang-II is also the most potent dip- 
sogen, which could induce an increase in blood volume. 
On the other hand, ET-1, a major peptide primarily pro- 
duced by endothelial cells, is preferentially released toward 
vascular smooth muscle cells to produce sustained in- 
creases in vascular tone. It is also a key factor contributing 
to the extracellular volume and blood pressure homeosta- 
sis. Alterations of the ET-1 system have been documented 
in renal diseases in which cardiovascular disorders includ- 
ing hypertension and endothelial dysfunction coexist [38]. 
Thus, in these pathological conditions, ET-1 has been im- 
plicated in the development of hypertension, cardiovascu- 
lar hypertrophy and consequently, the progressive decline 
in the renal function. Previous findings suggested that the 
involvement of ET-1 in the pathogenesis of hypertension 
may be secondary to other factors despite the fact that 
ET-1 plays a determinant role in the vascular and renal 
damage. Research results demonstrated that there is a link 
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Figure 1 Effect of the aqueous extract of DOT on systolic (SBP), diastolic (DBF) blood 
ratio (B) in 2K1C hypertensive rats. Values are mean ± SD, n = 10, *P < 0.05 vs. sham; #P < 



pressure (A) and heart weight to body weight 

0.05 vs. model; *P < 0.05 vs. captopril. 



between ET-1 and Ang-II. Ang-II is an important en- 
dogenous modulator of ET-1 production [39,40] and a 
powerful stimulator of ET-1 formation in VSMCs and 



endothelial cells [41,42], which can further increase vascu- 
lar contractile response to Ang-II. Moreover, the hyperten- 
sive and renal vasoconstrictor effects together with the 
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10, 



natriuresis and diuresis actions of Ang-II are mediated by 
ET-1 [43]. Chronic infusion of suppressor doses of both 
Ang-II and ET-1 was shown to induce significant increase 
in SBP. The results of the present study show that DOT 
could decrease hypertension in this Goldblatt 2K1C 
model. The effects of high (DOT-H) and low (DOT-L) 
doses were not significantly different from that of capto- 
pril. Furthermore, there was no dose dependence of this 
effect which could be already maximal for this extraction. 
This hypertensive effect was accompanied by a significant 
decrease of the plasma levels of ET-1 and Ang-II. Al- 
though the ET-1 level of DOT-L and DOT-H treated 
groups were found to be higher than that of captopril- 
treated group, the level of Ang-II of the DOT-L group was 
nearly the same as that of the captopril-treated group. 
Interestingly, while DOT caused only small effect on Ang- 
II, both doses of DOT (DOT-L and DOT-H) were found 
to reduce significantly the ET-1 concentration to lower 
values than that in the sham-operated group, being the 
ET-1 value of the low dose (DOT-L) less than half of the 
untreated control group. These results suggest that DOT 
might act at least in part by reducing the ET release in a 
manner that might be associated with the ET-converting 
enzyme inhibitors. The major finding in this study is that 
administration of DOT attenuated cardiac hypertrophy in 
the 2K1C hypertension rats, and in combination with re- 
duced blood pressure may explain an attenuation of car- 
diomegaly. Since we investigated the effect of DOT on 
cardiac function, we also observed the reduction in the 
heart weight which indicated an improvement in cardio- 
vascular function parameters. The different effect of DOT 
on Ang-II and ET-1 is reflected by the effect on myocar- 
dial hypertrophy which is one of the major end points in 



the treatment of hypertension. Even though the values of 
the SPB and DPB of the DOT-H treated group were very 
similar to those of the captopril-treated group, the heart 
weight to body weight ratio of the DOT-H treated group 
was lower than that of the captopril-treated and the sham- 
operated groups. The dissociation between the effect of 
blood pressure and myocardial hypertrophy found in 
DOT treated group is not surprising since this effect has 
already been described [22]. Although the captopril- 
treated rsts had lower absolute heart weight, left heart 
weight and anterior wall thickness than the DOT-treated 
rats, they also had lower body weight. Consequentiy, the 
effect of captopril on the heart weight to body weight ratio 
was higher than DOT. In addition, there was a tight linear 
correlation between heart weight and blood pressure level, 
indicating that the development of cardiac hypertrophy 
was entirely dependent on the development of hyperten- 
sion [44,45]. Inhibition of ET production which resulted 
in inhibition of ET induced vasoconstriction and mitosis 
can also inhibit formation of hypertension and cardiac 
hypertrophy. 

A recent hypothesis pointed out a possible role of oxida- 
tive stress as a key player in the pathogenesis of insulin re- 
sistance, cell dysfunction, and hypertension [46,47] and 
many mechanisms have been implicated in processes 
underlying oxidative stress-mediated hypertension. The 
relationship between the development of hypertension 
and the increased bioavailability of ROS or decreased anti- 
oxidant capacity, or both, have been demonstrated in 
many experimental models of hypertension [48] as well as 
in human hypertension [49]. These findings are based, in 
general, on increased levels of biomarkers of lipid peroxi- 
dation and oxidative stress [50]. Experimental and clinical 
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Figure 3 Effect of aqueous extract of DOT on (A) plasma superoxide dismutase (SOD) and (B) plasma malondialchehyche (MDA) in 
2K1C hypertensive rats. Values are mean ± SD. n = 10, * p < 0.05 vs. sham; # P < 0.05 vs. model; < 0.05 vs. captopril. 



Studies suggest that oxidative stress precedes the mani- 
festation of elevated blood pressure and this may be one 
of the initiating factors promoting progression from the 
pre-hypertensive stage to the hypertensive stage [51]. 
Research data suggest that oxidative damage and pro- 
inflammatory processes may precede full-blown hyper- 
tension [52]. The "ROS family" comprises many molecules 
that have divergent effects on cellular function, such as 
regulation of cell growth and differentiation, modula- 
tion of extracellular matrix production and breakdown, 
inactivation of NO, and stimulation of many kinases 
and pro-inflammatory genes. Furthermore, ROS can 
promote inflammation, alteration of vasomotion and ac- 
tivation of matrix metalloproteinases, thus causing 
platelet aggregation and stimulation of vascular smooth 
muscle proliferation [53,54]. Decreased antioxidant ac- 
tivity (SOD and catalase) and reduced levels of ROS 
scavengers may also contribute to oxidative stress. A 



large number of clinical studies and animal experiments 
indicated that there is an increase in oxidative stress 
and generation of oxygen free radicals (OFR) but signifi- 
cantly reduction of SOD activity in the pathophysiology 
of hypertension status. A large number of OFR can cause 
lipid peroxidation, thereby undermining the cell mem- 
brane unsaturated fatty acids by forming lipid peroxides 
(LPO). As malondialdehydes (MDA) are a class of ter- 
minal lipid peroxidation metabolites, determination of 
their content can directly reflect lipid peroxidation levels. 
On the other hand, SOD is a natural antioxidant enzyme 
which can remove superoxide anion radicals in vivo to 
maintain the production of free radicals in the body and 
clear the dynamic equilibrium of a metal enzyme. There- 
fore, protection of the endothelial function and reduction 
of free radical damage in the treatment and prevention of 
hypertensive target organ damage can have a far-reaching 
significance. No matter if the oxidative stress is indeed a 
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cause or consequence of hypertension, a decrease in 
oxidative damage may result in a reduction in blood 
pressure. As antioxidants are compounds that are cap- 
able of trapping ROS, they may be able to reduce oxida- 
tive damage, and possibly blood pressure. Our results 
showed that the plasma SOD activity in the untreated 
control group was lower than that in the DOT-H, DOT- 
L and Captopril-treated groups. On the contrary, MDA 
content in the untreated control group was significantly 
higher (p < 0.05) than that of the DOT-H and DOT-L- 
treated groups. The results obtained suggest that DOT 
may play a key role in scavenging OFR, thus causing 
anti-oxidation effects and can clear free radicals from 
the system, which in turn effectively improved the 
endothelial lipid oxidative damage and high blood pres- 
sure to the same extent as captopril, thus guaranteeing 
its therapeutic effects. 



Conclusion 

The present study demonstrates significant antihyperten- 
sive effects, which are mainly characterized by reduction 
in blood pressure and prevention of left ventricular hyper- 
trophy, of DOT. We hypothesized that DOT may prevent 
cardiac hypertrophy by reduction of Ang-II level, inhib- 
ition of E-1 production, and induction of the in vivo anti- 
oxidant defense system. These findings could provide a 
basicly scientific explanation to not only the widespread 
use of herbal preparations derived from Dioscorea opposite 
Thunb. in TCM in China but also a beneficial effect of 
yam in food products which could be considered useful 
information for food processing in the development of 
functional food for blood pressure regulation. Neverthe- 
less, further toxicological and pre-clinical studies should 
be evaluated in order to warrant the therapeutic use of this 
extract for combating hypertension. 



Amat et al. BMC Complementary and Alternative Medicine 2014, 14:36 
http://www.biomedcentral.eom/1 472-6882/1 4/36 



Page 9 of 10 



Competing interests 

The authors have no actual or potential conflict of interest associated with 
this work. 

Authors' contributions 

NA, RA, SA, DM and AK participated in the design of the study data analyses 
and manuscript preparation. PH and ZO conducted the assays and analyses. 
All authors read and approved the final manuscript. 

Acl<nowledgement 

This research was funded by the Salamat Biotechnology Co., Ltd. Xinjiang, China. 
Author details 

'Traditional Uighur Medicine Institute, Xinjiang Medical University, 83001 1 
Urumqi, Xinjiang, PR China. ^First Affiliated Hospital, Xinjiang Medical 
University, 830011 Urumqi, Xinjiang, PR China. ^Traditional Chinese Medicine 
Hospital, Xinjiang Medical University, 83001 1 Urumqi, Xinjiang, PR China. 
''Salamat Biotechnology Co., Ltd, Urumqi, Xinjiang 830011 PR China. 
^ICBAS-lnstituto de Ciencias Biomedicas de Abel Salazar and CIIMAR, 
Universidade do Porto, Rua de Jorge Viterbo Ferreira, 228, 4050-313 Porto, 
Portugal. 

Received: 4 September 2013 Accepted: 21 November 2013 
Published: 21 January 2014 

References 

1. Schutte A, Van Rooyen J, Huisman H, Krunger H, De IVIalan NT Ridder JH: 
Dietary risk markers that contribute to the aetiology of hypertension in 
black South African childerens. The THUSA BAMMA study. J Hum 
Hypertens 2003, 17:29-35. 

2. Guilbert JJ: The world health report: reducing risks, promoting healthy 
life. Educ Health (Abingdon) 2003, 16:230. 

3. Arakawa K, Saruta T, Abe K, limura 0, Ishii M, Ogihara T, Hiwada K, Fukiyama K, 
Fujishima M, Mizuno Y, Kikuchi T, Takaori S: Improvement of accessory 
symptoms of hypertension by TSUMURA Orengedokuto Extract, a four 
herbal drugs containing Kampo-Medicine Granules for ethical use: a 
double-blind, placebo-controlled study. Phytomed 2006, 13:1-10. 

4. Herrera-Arellano A, Miranda-Sanchez J, Avila-Castro P, Herrera-Alvarez S, 
Jimenez-Ferrer JF, Zamilpa A, Roman-Ramos R, Ponce-IVlonter H, Tortoriello J: 
Clinical effects produced by a standardized herbal medicinal product of 
Hibiscus sabdariffa on patients with hypertension. A randomized, 
double-blind, lisinopril-controlled clinical trial. Planta Med 2007, 73:6-12. 

5. Sinitsyna 0, Krysanova Z, Ishchenko A, Dikalova AF, Stolyarov S, Kolosova N, 
Vasunina F, Nevinsky G: Age-associated changes in oxidative damage and 
the activity of antioxidant enzymes in rats with inherited over 
generation of free radicals. J cell Mol Med 2006, 10:206-21 5. 

6. Tahraoui A, Fl-Hilaly J, Israili ZH, Lyoussi B: Ethnopharmacological survey of 
plants used in the traditional treatment of hypertension and diabetes in 
south-eastern Morocco (Errachidia province). J Ethnopharmacol 2007, 
110:105-117. 

7. Zuo YF, Tang DC: Science of Chinese Materia Medica. Shanghai, China: 
Shanghai University of Traditional Chinese Medicine Press; 2003:301-303. 

8. Hsu HY, Chen YP, Hsu SJ, Chen JJ, Chang SC: Essentials of material medica. 
Taipei: New Medicine and Pharmacy press; 1984. In Chinese. 

9. Yen K: The illustrated Chinese materia medica. Taipei: SIVIC Publishing; 1 992:84. 

10. Bai B, LI MJ, Wang Y, Liu XH: Studies on chemical constituents of Dioscorea 
opposita. Zhongguo Zhang Yao Za Zhi 2008, 33:1 272-1 274. In Chinese. 

11. Fang YW, Zhao JJ, Ho YZ Li BG, Xu CJ: Elucidation of the chemical 
structures of two steroid saponins of Dioscorea nippnica Makino. 
Acta Pharmaceutica Sinica 1972, 17:387-391. In Chinese. 

1 2. Wang T Choi RC Li J, Li J, Bi CW, Zang U Liu Z, Dong TT, Bi K, Tsim KW: 
Antihyperlipidemic effect of protodioscin, an active ingredient isolated 
from the rhizomes of Dioscorea nipponica. Planta Med 2010, 76:1642-1646. 

13. Liu H, Chou GX, Wu T Guo YU Wang SC, Wang CH, Wang ZT: Steroidal 
sapogenins and glycosides from the rhizomes of Dioscorea bulbifera. 
J Nat Prod 2009, 72:1 964-1 968. 

14 Niu CS, Chen W, Wu HT Cheng KC, Wen YJ, Lin KC, Cheng JT Decrease of 
plasma glucose by allantoin, an active principle of yam (Dioscorea spp.), 
in streptozotocin-induced diabetic rats. J Agric Food Chem 2010, 
58:12031-12035. 



15. Ma HY Zhao ZT, Wang LJ, Wang Y Zhou QL Wang BX: Comparative study on 
anti-hypercholesterolemia activity of diosgenin and total saponin of 
Dioscorea par\tha\ca. Zhongguo zhongyao zazhi 2002, 27:528-531. In Chinese. 

1 6. Lee SC, Tsai CC, Chen JC, Lin JG, Lin CC, Hu ML, Lu S: Effects of Chinese 
yam on hepato-nephrotoxicity of acetaminophen in rats. Acta Pharmacol 
Sin 2002, 23:503-508. 

17. Hou WC, Hsu FU Lee MH: Yam (Dioscorea batatas) tuber mucilage 
exhibited antioxidant activities in vitro. Planta Med 2002, 68:1072-1076 

18. Liu YH, Lin YS, Liu DZ Han CH, Chen CT, Fan IVl, Hou WC: Effects of 
different types of yam (Dioscorea alata) products on the blood pressure 
of spontaneously hypertensive rats. Bios Biotechnol Biochem 2009, 
73:1371-1376. 

19. Bidani AK, Griffin KA: Pathophysiology of hypertensive renal damage: 
implications for therapy. Hypertension 2004, 44:595-601 . 

20. Navar LG, Zou L, Von Thun A, Wang CT, Imig JD, IVlitchell KD: Unraveling 
the mystery of Goldblatt hypertension. News Physiol Sci 1 998, 1 3:1 70-1 76. 

21 . Laragh JH: On the mechanisms and clinical relevance of one-kidney, 
one-clip hypertension. Am J Hypertens 1991, 4:541-545. 

22. Pinto YM, Paul IVl, Ganten D: Lessons from rat models of hypertension: 
from Goldblatt to genetic engineering. Cardiovasc Res 1998, 39:77-88. 

23. Al-Qattan KK: Different levels of hypertension induce opposite diuretic 
behaviors from the nonclipped kidney in the rat two-kidney, one-clip 
model. Kidney Blood Press R 2001, 24:44-51. 

24. Morishita R Higaki J, Okunishi H, Nakamura F, Nagano M, Mikami H, Ishii K, 
Miyazaki M, Ogihara T: Role of tissue renin angiotensin system in two- 
kidney, one-clip hypertensive tats. Am J Physiol 1993, 264:510-514. 

25. Carvalho IVIH, Fortes ZB, Nigro D, Oliveira IVIA, Scivoletto R: The role of 
thromboxane A2 in the altered microvascular reactivity in two-kidney, 
one clip hypertension. Endothelium 1997, 5:167-178. 

26. Al-Qattan KK, Khan I, AInaqeeb MA, All IVl: Thromboxane-B2, 
prostaglandin-E2 and hypertension in the rat 2-kidney 1-clip model: a 
possible mechanism of the garlic induced hypertension. Prostag Leukotr 
Ess 2001, 645-10 

27. Briones AM, Touyz RM: Oxidative stress and hypertension: current 
concepts. Curr Hypertens Rep 2010 12:135-142. 

28. Haddad JJ: Antioxidant and prooxidant mechanisms in the regulation of 
redox(y)-sensitive transcription factors. Cell Signal 2002, 14:879-897. 

29. Ardanaz N, Pagano PJ: Hydrogen peroxide as a paracrine vascular 
mediator: regulation and signaling leading to dysfunction. Exp Biol Med 
2006, 231:237-251. 

30. Liochev SI, Fridovich I: The effects of superoxide dismutase on H202 
formation. Free Radical Bio Med 2007, 42:1465-1469. 

31 . Umar A, Guzelnur I, Yimin Y, Kerim P, Tohti I, Berke B: Antihypertensive 
effects of Ocimum basilicum L. (OBL) on blood pressure in renovascular 
hypertensive rats. Hypertens Res 2010, 33:727-730. 

32. Iversen BIVI, Heyeraas KJ, Sekse I, Andersen KJ, Ofstad J: Autoregulation of 
renal blood flow in two-kidney, one-clip hypertensive rats. Am J Physiol 
1986, 25:245-250. 

33. Iversen BIVI, IVlorkrid L, Ofstad J: Afferent arteriolar diameter in DOCA-salt and 
two-kidney one-clip hypertensive rats. Am J Physiol 1 983, 245:755-762. 

34. Ploth DW, Fitzgibbon W: Pathology of altered renal function in renal 
vascular hypertension. AJKD 1994 24:652-659. 

35. Rossi CP, Sacchetto A, Cesari M, Pessina AC: Interactions between 
endothelin-1 and the renin-angiotensin-aldosterone system. 
Cardiovasc Res 1999, 43:300-307. 

36. Gomez-Alamillo C, Juncos LA, Cases A, Haas JA, Romero JC: Interactions 
between vasoconstrictors and vasodilators in regulating hemodynamics 
of distinct vascular beds. Hypertension 2003, 42:831-836. 

37. Sealey JF, Laragh JH: The renin-angiotensin-Aldosterone system for 
normal regulation of blood pressure and sodium and potassium 
homeostasis. In Hypertension: pathophysiology diagnosis, and management, 
Volume 2. 2nd edition. Edited by Laragh JH, Brenner BM. New York Raven 
Press; 1995. 17:63-179. 

38. Morris ST, Jardine AG: The vascular endothelium in chronic renal failure. 
J Nephrol 2000, 13:96-105. 

39. Dumont Y, DAmours M, Lebel IVl, Lariviere R: Blood pressure-independent 
effects of angiotensin ATI receptor blockade on renal endothelin-1 
production in hypertensive uremic rats. J Hypertens 2001, 19:1479-1487. 

40. Yoshida K, Yasujima M, KohzukI M, Kanazawa M, Yoshinaga K, Abe K 
Endothelin-1 augments pressor response to angiotensin II infusion in 
rats. Hypertension 1 992, 20:292-297. 



Amat et al. BMC Complementary and Alternative Medicine 2014, 14:36 
http://www.biomedcentral.eom/1 472-6882/1 4/36 



Page 10 of 10 



41. Imai T, Hirata Y, Emori T, Yanagisawa M, Masaki T, Marumo F: Induction of 
endotiielin-l gene by angiotensin and vasopressin in endothelial cells. 
Hypertension 1992, 19:753-757. 

42. Crawford DC, Chobanian AV, Brecher P: Angiotensin II induces fibronectin 
expression associated with cardiac fibrosis in the rat. Ore Res 1 994, 74:727-739 

43. Riggleman A, Harvey J, Baylis C: Endothelin mediates some of the renal actions 
of acutely administered angiotensin II. Hypertension 2001, 38:105-109. 

44. Crowley SD, Gurley SB, Herrera MJ, Ruiz P, Griffiths R, Kumar AP, Kim HS, 
Smithies 0, Le TH, Coffman TM: Angiotensin II causes hypertension and 
cardiac hypertrophy through its receptors in the kidney. Proc Natl Acad 
Sci USA 2006, 1 03:1 7985-1 798590. 

45. Cervenka L, Vaneckova I, Huskova Z, Vanourkova Z, Erbanova M, Thumova 
M, Skaroupkova P, Opocensky M, Maiy J, Chabova VC, Tesar V, Burgeiova M, 
Viklicky 0, Tepian V, Zelizko M, Kramer HJ, Navar LG: Pivotal role of 
angiotensin II receptor subtype 1 A in the development of two-kidney, 
one-clip hypertension: study in angiotensin II receptor subtype 1A 
knockout mice. J Hypertens 2008, 26:1 379-1 389. 

46. Forbes JM, Coughlan MT, Cooper ME Oxidative stress as a major culprit in 
kidney disease in diabetes. Diabetes 2008 57:1446-1454 

47. Huang PL: eNOS, metabolic syndrome and cardiovascular disease. 
Trends Endocrin Met 2009, 20:295-302. 

48. Harrison DG, Gongora MC: Oxidative stress and hypertension. Med din 
North Am 2009, 93:621-635. 

49. Touyz RM: Reactive oxygen species, vascular oxidative stress, and redox 
signaling in hypertension: what is the clinical significance? 
Hypertension 2004 44:248-252. 

50. Ceriello A: Possible role of oxidative stress in the pathogenesis of 
hypertension. Diabetes Care 2008 31:181-184 

51. Redon J, Oliva MR Tormos C, Giner V, Chaves J, iradi A, Saez GT: 
Antioxidant activities and oxidative stress byproducts in human 
hypertension. Hypertension 2003, 41:1096-1 101. 

52. Nabha L, Garbern JC, Buller CL, Charpie JR: Vascular oxidative stress 
precedes high blood pressure in spontaneously hypertensive rats. 
din Exp Hypertens 2005, 27:71-82. 

53. Sanrina C, Giovanni C: Oxidative stress, inflammation and endothelial 
biomarkers in arterial hypertension. Curr Hypertens Rev 2008, 4:86-99. 

54. Ward NC, Croft KD: Hypertension and oxidative stress. Clin Exp Pharmacol 
P 2006 3:72-876. 



doi:l 0.1 1 86/1 472-6882-1 4-36 

Cite this article as: Amat ef al: Aqueous extract of dioscorea opposita 
thunb. normalizes the hypertension in 2K1C hypertensive rats. BMC 

Complementary and Alternative Medicine 2014 14:35. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at \ ranu^\ 

www.biomedcentral.com/submit momea central 



